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Tvo-thirds of wvhat we waste could be reused without

‘inportant changes in our 1ife-sty1es. Oone benefit of recycling would

be the diminishing contribution of raw materials. prices to inflation.

. Por a ‘sustainable resource policy there are threesbasic qonponents'

waste reduction, waste separation,” and waste recovery..The first can
be: .met by producing more. durable goods, banning non-refillable
containers, increas1ng charges for pick-up and disposal of waste,
des1gninq,products which are easy and economical to repair, and
ending discriminatory taxes-and regulation, Separation of waste in
homes and disposal units will facilitate'recyclifig of paper,
aluminum, glass, metals, and”even plastics, though there are
attendant problems of cost and social acceptance. Energy can be

>
#

* produced from waste when valuable materials are removed through

chemical and physical processes. The possible impact of future
mineral.cartels such as ‘the Organization of Petroleum Exporting
Countries (OPECY. could be reduced through recycling. The amount of
energy saved by recycling. compared with-that &xpanded on processing

'~ virgin materials ranges from eight to 95%.- To go from conspicuous
‘consumption, to conspicuous ‘frugality speciflc pclicies and social

comnitment are necessary. In this regard the public may be ahead of
its leaders. (Author/DL). L v .

>

o
9

**t******i***i***********************************t***i*****************

* Reproductlons supplied by EDRS are the best that can.be made L

* from the original document. ke
*******#******************i*****##*************************************\‘

w

Q . v . ';, s ‘ .



e Y K R , oo - . . o« Lo R

U$ DEPARTMENT OF HEALTH,

. .o . . EOUCATION & WELFARE. R
o R . ' “NATIONAL INSTITUTE OF
E S . ~ EDUCATION
o ‘ . .
P . - , THIS DOCUMENT HAS BEEN REPRO-
. : . .+ . DUCE( EXACTLY 'AS RECEIVED FROM
v e . . . THEWERSON OR ORGANIZATION ORIGIN-
¢ . ’ . s ATING IT POINTS OF VIEW OR OPINIDNS -

» SYATED DO NOY NECESSARILY REPRE-
. SENT OFFICIAL NATIONAL INSTITUTE DF
EDUCATIDN POSITION OR POLICY :
. [ e

e

Repalrs, Reuse, Recyclmg-— .
- First Steps Toward a | .
Sustamable Soc1ety |

' ' . | : PERMISSION TO REPRODUCE THIS '

: %
l) 1 H * .+ MATERIAL IN- MICROFICHE ONLY
enis rlayes. - HAS B'EEN GRANTED sv

TO THE EDUCATION'AL RESOURCES
INFORMATION CENTER (ERIC) AND
USERS OF THE ERIC SYSTEM

-t

e

/

N

Worldwatch Paper 23 - '
.. September 1978 ' ’

O

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

%

’

“This Lp_apcr is based on the author’s rcscarch‘fo;‘\ a for‘thf

- coming book on the, sustainable society. Sections -of the

expressed are

paper may be reproduced in magazines
with 'acknowlc(il‘gmcnt to Worldwatch Institute. The views:
ose of the author and do not necessarily

and' newspapers

represent those of Worldwatch Institute and its directors,.’

offigcrs, or staff.

Worldwafch’institute

o

®

Wérldwatéh,is an independent, non-profit research

",organization created.

. on global problems.

to andlyze and to focug attention

Directed by Lester R. Brown,

Worldwatch is funded by private foundations,
United Natidps organizations, and governmental
agencies. :Worldwatch' papers are'written for a

worl ide'audiéhqe of decision makers, scholgrs,

and the general public. :
L 9Cobyright Worldwatch Institute, 1978 )
* . Library of Congress Catalog Card Number 78-644%5 .
= © 1 _ISBN 0-916468.22-4 .
. ‘o
agt &

Printed on recycled paper

N

v 8




/ , IR . ‘ A i S
_Table of Contents . . R
S o R ' Lo FRR i
- - v o
’
ntroduction ................. e e ... 5,
Resource Supplies ........ L L e anala . e 8
Other OPECs? .. ... e L1300
*Energy and Environmental Constraints . . . . .. R e 16"
. \ ¢ . . ’
Between the Mine and the Dump ... ... S e 190
Fragality ............... DU e - ,’
e ' : |
' Waste Separation. ... ...... / 25 /
"'Resource Recovery ... .................. s do 30/ .
N . - I
Making the Most of What We'veGot .. ................ ; \) .33
NOES .« « e et et e e e e e 39
T
|
s . .

O

ERIC

Aruitoxt provided by Eic:



K . '
. .

t least two-thirds of the material resqurces that we now waste
could be reysed withaut important changes.in our life-styles.
‘With products designed for durability and for ease oz re-
. cycling," the waste streams of the *industrial. world could
be reduced to small trickles.. And. with an intelli ent materials policy,
the portion of.our resources -that s ;irretr)’ev_aily dissipated could
eventually be reduced to almost zero.? ‘ : ,

!

The ever-expanding”consumption: of both raw materials and energy

" has become an inflationary force that is likely to grow as highigrade ~

ores are exhausted; as energy costs rise, and as the pollution control
investments needed to safely process low-grade oreincrease. A sensible
materials policy—orie*tRat emphasized the"repairz&ﬁpuse, and recycling

of goods we ‘currently discard=would l'}/elp chedk these inflationary -
pressures. =~ i , S A . AR

T w

" Most of what we use today is soon thfown awac}'., About 70 percent

‘percent is ,recycled. After five cycles, gnly one-quarter of 1 percent of .
 the metal remains in circulation. After ten cycles, less than one one-
_tlj"q,usan_;\mh of 1 percent remains.? S S

of all metal is used just once dnd th(e{\ discarded. The Temaining 30

sAnnual per capita mineral use worldwide is now more than 3.75 me‘;ri“%ﬁ‘

.. tong, and is increasing 7 perceht'ea%h year. If continued, such growtk

- Ty

o Iam i'ndet’ned to }!iY:colleaﬁue Christophey-Flavin for his help with the reseatch for this

/
o paper. | . : /
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i oy 1, would fead to a,’1327fold increase in mineral use in just 50 'years. The. .
| " highest rate of | onsumption is found 'in the .industrial world; in the . '
United' States, u\e figure .i§ 15 “netric -tons per ‘person. The' lifetime °
| :Barbage of .a typical Americ n will'equal at least 600 times his or her - -
ddult weight. Most of these minerals will make a one-way trip from" °
he ‘mine to the . dump. Buf as high-grade ores- are exhausted and .
Jdumps become Gvertrowded, 'we must increasingly turn to our wastes
Ifo‘rourwealghﬁf } L R N : C

P ! : . Lo R ".‘

: Waste is a humian concept. In rature,*rothin 1s'wasted, for ‘every- "
KR tﬁing is part of d continuous cyclé. Even the eath' of a creature pio=
S videsl-n'ul"_rients‘t‘hft will eventually. be reincorporated in ‘the chain of*,

. life. The idea of, waste springs_from the perception of most material

' by-products of hyman-. activity as useless. But pne person’s waste® -
. “hevspapers are_afiother persori’s recyclable fibers or cellulose insula.
.+ 'tion, Disposable plastic containers that are discarded without thought -
" . by-the Japanese, would. be carefully used and reused by Tanzanian
- villagers. The Japangse, “in turn, are aggressive purchasers of scrapped - .
U.S. automobiles, lehding’ to the joke that this ‘year’s' Buick is next”
year’s Datsun. .And t e concept of waste varies overs time. Much of
* what were thought of as the wastes of the ‘pulp and paper industry -
_ some decades ago are now "a source of fuel a dpchemica ‘feedstocks.
he designation “waste’’ is tH{u's a product of judgment and circum-
stances. . ) jood T A

| 1 R ) .

- Not \chh' hard data exists al;m;t‘ materials us¢ in the Third World.
" However, the recycling system in Cairo illustrates the different under-
"standing of "‘waste’’ in. develo(fjng countries. Wastes from the eight

million households are handle mostly by twq groups in Cairo: the
‘Wayiha, who control rights' the city’s domestic refuse, and the .
Zabaline, who rent the_right to do the actual re oving and processing =+
of Caire’s domestic waste. They remove tin, gl ss, paper, plastic, rags, * °
and bones ‘from the refuse, and forward these materials to factories’ *+ ‘
and other markets within the city. < ‘lhéy extract about 2,000 tons of -

. - Paper a month-that is, reprocessed into some/ 1,500 tons of ‘recycled

: Eafter and cardboard. Cotton and wool rags/are converted into up- .

rolstery and blankets; metals are ‘converted into new implements;

even bones are used to make such things-ag glue, paints, and high-

- grade carbon for sugar refining; ‘M‘c‘)st_o'rgan'c_ wastes -are fed to pigs; - *
. : BN . ,
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,,tﬁe rest is converted into compost that _ié sold for'-"agricﬁlfural pur-
poses. In societies with ‘chronic unemployment, inefflcient bureaucra-
.+ cies, and few raw mater'gls, such lgbor-intensive, ._incqme,-‘groducing

igh-fech- r7

approaches ‘make more sense than the capital-intensive, -
nologies favored by many Western-trained engineers.4 "~

‘
- .

. n

example, has been “'consumed” when, the purchaser: has .
reading it. A product may be thought of as consumgdiswhen it

*« . R - . . Ty
The term ‘‘consumptiory’ "is similarly, ambiguous.. A‘ne'wspage'r,

for

inished

has

provided all the usefitlness its owher expects from it. Thus a perfect]

good pair of sKoes, or even a %erfectly functioning dutompbile,
e thqught of as consumed if. c

discard %\

e older product for something.newer. « i

/ N s .
! [ ’

; Y ' . ‘ : L/ PR .
nomids are geated toward an endless increase in miaterial :
and the generation of ever-larger .amounts;_of_ﬁ waste. -
is is an implicit po_licgl.'-to -ericourage . the use of “virgin *. *

will

anging styles persuade’ the: owner to

materials. MaM policies that_were designed long ago for tHe ‘protec-
tion of fledgling™ ‘es’ remain on the books, greatly distorting
the materials market. The mining and extractive industries, for-exam-
ple, are givef more favorable tax treatments than are industries based
.o the use’of recycled materials. The full costs of environinental
damage due to mining have not been internalized and hence the prices
of virgin materials do not reflect the full social burdens their extrac-
* tion imposes. Secondary materials are of ten discriminated against in :

‘goverriment procuregent specification freight transport tariffs,
-so on.® - - :

i

«

. Moreover, the institutional structure does not adequately discou

the generation .of waste. For gxample, th& charge for Jw,as;e pick};f.‘
often remains constarit regardless of how much Earbag is produced:

Waste disposal charges are often artificially low

been made to overcome these. imbalancgs, significant progress

often been made. Some small Ne England towns are currently re-
_cycling about 50 percent. of “their wastes, and Wilton Falls, ‘New |

Hampshire,, has designed a recycling and composting program

“

the town plinners expect to handle-80 percent of the town’'s wastes.

v Ce et e bey

; ecause the environ-
mental costs of disposal have not been considered. Where éfforts have -

;and‘_l.
TR

YR
ragé
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One hundred percent récycling will never be a ger:uine option. Rather
- than leaving materials in a concentrated . form, much human activity
-dissipates them to’an extent that sometimes approximates their aver.
-age abundange in the earth’s crukt. Such lses, although often havin
mierit in the short run, dramaticfly reduce the chance of successfu

b3

recycling inothe long run. For exa

- feedstocks become commercial solvents, detergents, gasoline, addjtives,

iy
. O

Y

antifreeze,  dyes, pesticides, and pharmaceuticals—all of which .are
“effectively lost as soon as they are used. The lead concentrated in
storage batterigs can be recycled easily; the tetraethyl lead added to
-motor gasoline 1s lost forever, except'as a pollutant.s o

Society can minimize the extent.to which materials are dissipated*by
use. For example, the substitution of ethanol—a high octane fue] ob-.
tainable from giological-crops——for gasoline would .eliminate the' need
:"gor lead gnk{uknock additiyes. This, in turn, would remove the prin-

ipal source\of atmospheri¢ lead, (and the health problems it entails),
simplify the recycling of 'lead,sand convert motor vehicles to a fuel,
'-rthat,wiﬁ be available long after oil.? A :

.. .. o

“In’a suStainable world, what we currently .think of as waste will be-
cpime ‘our major source of high-quality ‘materials for industry and

corrimerce. One important benetit will be t irinishing contribution

_"of ising raw material prices to inflation. Increasingly, virgin ores will

.

A

-

merely supplement the existing material finventory. Recycling - will
become S/central Organizingjrinciple for the entire economy.
& >, , ‘ )

Resource Supplies v

Stringent. Jimitdtions on the ﬁroduction of several minerals from raw

ores are¢.unavoidable within the next half-century. For some, the turn-
. ing point ‘may be encountered far sooner. By the time this turning

oint is first reached, the world must have learned how to live com-.
-fortably with a finite, non-growing stock of the material in question.®

o , : L . - L o T
It is sometimes argued that. since the entire planet is composéd of
minerals, the fear of running out of supplies is ridiculous. Such a

- notion rests upon a yery loose definition &f ““supplies.”” All the min-

v b4
' ~

oo

~E~’.

mple, 50 percent of petrochemical- -
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Lo ‘ o - ”Resource ﬁ;ates dependon .- ;
4, ‘ B N - ajudgent of tomorrow’s prices, ..
o , tomorrow’s technobgr and tomorrow’s  ’ .
4 - * supply of a fqrdvéble energy.”
. . A4 \. < ) . . T' ) Al . * : ”~A ..
‘i." : ‘. ‘ .. o . ) w ) C
- ) . | . .

B .
‘ , e . ‘

.erals with which human civilization will be :sustained are ocatéd in
the \four-tenths  of 1 percent of the earth’s mass constituting its outer
crust. Of -this, only a trifling Praction may.be legitimately viewed as -
‘potential supplies. The remaining minerals are-in Such_dilute .cons# @ -
centrations or at such great depth in the ¢rust that the energy.'and
enwvironimental costs of mining‘a'm{ concentrating them will always be

A :

-prohibitive.

Broadly’ speaking, minerals can be grouped in two categories: “re--

. serves” and “resources.”, Resérves are usually. defined as. known 5
" deposits that are extractable with existing tegh,n'o{og‘y at cusrent prices.

The tertm has great utility, but it must not be_rnisused./As a case in

oint, Zambia has no copper reserves because that coulntry’s copper

a

b

cannot bg economically extracted at today’s world priceYet Zam

has some of the world’s largest deposits 0f750pper, much of wh

will be mined, eventually.? " .

' Resources” is a much broader category that generally encompassess

 the total mineral base that can be extracted. Clearly, resource esti-f ., |
mates also involve confusing uncertainties and depend on a judgment . '
of tomorjow’s prices, tomorrow’s technology, and tomorrow’s supply

of afforddble energy. , ’

. For parficularly valuabJe mineral resources, reserves sometimes cover

-. virtually" all known resources. For example, to obtain three tons of

' - 'diamonds from the wojld’s richest diamond deposit, 75 million tons -
of rock had to be moved. Needless to say, the price charged for min-
erals obtained with such effort is very high. An entire.economy can. L
not be built around minerals that cost as much as diamonds. -~ -, "-
An average cubic kilometer of Tock drawn from the earth’s crust -
contains some 200 million metric tons of aJuminum, 100 million met- S
ric tons of iron, 800,000 tons of zinc, and 200,000 tons of copper. - |s
But such figures are meaningless. The mineral producer is not inter- .
ested in average rock; but in-uncommon rock: ore that is dispropor- .-
tionately tich in one or more minerals and tha{ can be econpmically
extracted, transported, ‘and refined. The average/amount of. lead in the
continental crust, for example, is 0.001 percent/while lead ore general-

ly contains between 2 and 20 percent lead.?0 = .
. T .
. o/

O

ERIC

Aruitoxt provided by Eic:



. . - ct ' , . ' ]
. . * )
Twelve elements account for 99.23 percent of the mass of the earth’s
crust. (See Table 1.) Of these abundant elements, five are metals that °
are widely used in industty: aluminum, iron, magnesium, titanium!.
and manganese.. =~ S ' S o
A Y

L
~ . . v

. - Ve Y : AT s
L oy , . _
Table 1: Major Elements in the Corltinental Crust .
* . , T ¥
Element | : - . Amount by Weight
- o v- ~ (percent) Co i £
- Oxygen ‘ . - 45.20 v s
» Silicon . = : ) 27.20 - .
' Aluminum ’ 8.0Q -~ -
Iron o - 5.80° v -
v . .Calcium = T 5.06 , X
s ..~ Magnesium [ 2.77 o e
o Sodium e 4 2 2.32 . .
" Potassium - . . 1.68
Titanium . 0.86 . i
: ;%d-mgen . ) - -'0.14 -
anganese , - ’ 0.10 . . ‘
. .. Phosphorus ¥ ’ _ 0.10 - :
s+ Total, 7 Vo ] 99.23
\‘ ' Source: Brian Skinfer. . - N o o
B - PO

* Most metals .dolnoé;/ordinaril'y appear in nature in their elemental’
states. They are eombined with other eléments in crystdlline, inor-
ganic compounds. To obtain:these metals for human use, ores must
Ee refined 'of nonmetallic impyrities. The refining process, which
involves the breaking down of stable compounds, is very energy-
intensive. In order to minimize the.energy needed for refining, the
mineral industry prefers to use sulfides, oxides, hydroxides,'anﬁ car-
bonates rather t¥\an the refractory silicate minerals that constitute most

of the earth’s crust. _ . _
For several years; interest '»hé\s‘bee'n growing.in the mining of large
- deposits of manganese -nodules from' the ocean floor. These potato::
- sized nodules contain 25 to 30 p’ir?jnt manganese, and are also rich

. t
[ -

-~
"
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sources of nickel,JC(H) er, and cobalt, Thept appear to be no insur-

+ mountable_techpical difficulties in mining/hem. Such activities, how-
‘ever, will 'be enormously expensive, requiring at least a’ doubling in
copper prices and a'50 percent increase in nickel prices for economic ]_1
operatian. Deep-fea mining will also be energy-intensive, probably
‘sucking nodules7up from the dépths with an apparatus tript resembles ,
a huge vacuum cleaner, and it will have un nown efvironmental
impagts.! o g : . ) ’

®

"The largest obstacles to ocean mining may well be politica®The U.N. .
Law of the Sea:Conference has thus far failed to produce a treaty that
satisfies. the 158 member nations,’ although it has been wrestling with "~ .
"the problem since 1973. In the Third World, mineral-poor nations feel :
‘that these-resources in international waters, should belong to all na- [
tions equally, while mineral-rich rations fear that ocean mining may
disrupt their export earnings and want to exercise some contr(_ﬁ over
4 it. And many industrial nations, having developed the technology to
# mine the seabed, are eager to stake out the claims and begin decreasin
their dependence 'upon mineral exporters. The United States, whic
. imports virtually all its manganese and cobalt, 90 percent ‘of its raw
_nickel, and one-fifth of its copper, lies adjacent to the world's richest.
nodule beds and ‘is particu’larﬁ'v,eager' to begin exploiting these. re-
‘soutces. Ofvcotirse, at the prices that will be charged for seabed metals,
the United States should still find it economically attractive to recycle
most metals.’? - T

~ ~ I

Historically, a combination .of technological advances and cheap ener-
gy expanded ‘the reserves of .most' metals by pushing back the grade
0{ ore that can be mined and processed economically. While there is
still room for technological advance, energy 'has become an ever-
tightening constraint. For a while. growth will continue: increasing
amounts of more expensive energy will be used to, mine and process
poorer grade ores. But ‘we. are -approaching a fundamental discon- -
tinuity in the types of ores available. When-' traditional ores are ex-
hausted and silicate minerals must be broken down to obtain scarce ‘
metals, between 100 and 1,000 times as much energy will generally be
*required. It is exceedingly doubtful that udh metal will be produced
in this fashion. Scarce metals are alreag\y far more expensive than'
abundant metals, and the cost differential will becomje. unbearable if

-

] O i
- : . ) - -J-'._;‘ . , s
: N - .
. . o - . . T . .
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« - the energy réquirements increase 100-fold  or ‘more. At that oint,-*
' society, will prol{)alzly choose to substitute more: abundant.meta?s‘"f T
12 +the moré scarce ones—even if this means lower éfficiencies, 13 ///ar‘
. Even in the unlikely event that an.energy deus ex maghina makeés
available such,vast amodnts of cheap energy. that silicate minerals can
" " be mined for scarce methls, the substitution of c mon métals is stll |
- likely to takg place. Common metals are f ore abundant in rock
‘than are the scarce metals,~so in minin scarce metals vast ampunts -
: of common ores; will be produced?.rRa%\er than adcumulating an“ever- :
+increasing surplus, society wilt"doubtless fin(lﬁways_ to use all )the
.¢  mietals produced. " ‘ N AL

"

—’/ . . ’ ’ ' . ’ . A !

Ecbnélr}i,(;,.lit"e‘lfa/ture is often v‘eer glib ‘about the ease of resource: sub- -+
- stituton. But the desultory: resilts of most recertt efforts to substitute

~""Gther fuels for oil indicate that, even when the need is clear and sub. ql

-+ stitates are available, tHe process of change can be slow and painful.14

A. G. Chynoweth, Materials Reséarch’ Director at Bell Laboratories, be-
ieves that, .as a general rulé; “ the simpler the application, the easier it. -
~ is"to find a substitute material. If*a society’s needs are sufficiently.
simple, the thesis of infinite ‘substitutability might be tenable—matet. -
rials adre’ likely'aZvays, to be available for simple products such as
utenisils for cookihg and eating, for clpthing, and for simple dwelling
structures. But the. miore a society depends on_tomplex. and sophis-
ticated equipment, the mor® vulnerable it is to scarcities of certain key
. materials, ‘éven if these are used in- very modest-amounts.” To support -
P this ' poMt, Chynoweth notes that in the telephone 42 of ‘the 92, .
' elemen‘ts,-proviged by nature are present as constituents of 35 ‘types’
‘of metals and alloys, 14 types of plastic, 12 varieties'of adhesives, and*
1 20 different semi-conductor devices, 15 . o T
.. Some ' resources ‘are in sufficiently “short. supply that ‘their ptimary
roduction is unlikely to contribyte-'much in the not-too-distant
-Euture..Oil ‘and natural gas are exdmples; .as are -helium, antimony, -
gold/ and molybdenutn. For most mfnerals, however, the most imme:,
' gia e danger is not an.absolute’ global shortage but 3 supply that is
constrained by political, eriergy, and envirorymental limits, =

’,.'_ (() . . ’ )
1z S
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‘Over:the last few years,
producers’ associations

. p ave been formed
y Or copper, bauxite, iron,

N b o " mescury, and tungsten.”’
P L ST
t ‘ . L
Other OPECs? ‘ ' e -
. o -

Mineral resources are distributed unevenly. A disproportionate share 13-
of the world’s most important industrial materials are drawn from -
southern Africa, East Asia,. the Soviet Union. and the western portion

. of the Americas. Most scholarly work on mineral avaijlability has
£focused on geological constraints under Various economic assump-
tions. But the single most jmportant lesson of the oil cartelis that
political constraints can come first.1¢ . e
' > S o .
Cartels are not a new phenomenon in the field of minery] productioh.
What is new is the growing interest of governments with nationalized
firms ir the establishment of such collusive associations, Qver-the last
few -ydars, | producers’” associations have. been formed for copper.
bauxite—igon, mercury. and tungsten.” :
" The eleven members of the International Bauxite Assocjation' control
75 percent O all production—a higher fraction than that of world
oil production controlled by the Organization of Petroleum Exporting
Countries (QPEC). In 1974, Jamaica incr?ased Its taxes on Eauxite
more than fivefold. All other major bauxite producers in the Inter-
national Bauxite ASSOCiatign, except Australia, followed suit. Between
late 1973 and mid-1974 Jthe price of Moroccan. phosphate quadru-
pled in a series of increases -imposed by the MOTOccan(pabosphate
‘monopoly. Price increases by other major producers, jncluding the
United States. followed quickly. - _ an

The prospects for successfyl mineral ca!tels._vary from commodity R
to commodity, depending ypon' the fraction of the world's resource
base controlled by the cartel members,-the extent of the fall in demand
for the commodity as the price rises, the amount of the commodity

- produced outside the carte] when the price rises. and ‘the cohesiveness
of the commodity association. For many imPOrtant minerals, the major
sources of production are concentrated in @ rather small number o
hands. (See Table 2.) The current level of concentration implies that
a very large number of minerals are vulnerable under thig ¢riterion for

. a successful cartel.1® ’ :

. : ' b AR
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Prodhctidq‘and Reserves of Major Minerals, -
Four Largest Producing Countries, 1975 '

" Table 2: Share of World

14 Mineral Production Reserves " Countries
: . s . " (percent) ’ ‘
. Bauxite ° 64 62 Australia, Jamaica, Guinea,
_ h R ~ Surinam "' i
. Chromium 70 96 USSR, S. Africa, Rhodesia,
" o q Philippines” ~
Cobalt** _ 90 64 Zaire, Zambia, Canada,
, - S ' Morocco y
. Copper - 53 57 US, Chile, Canhda, USSR
Fluorspar ; 51 42 Mexico, USSR, Spain,
» ' " Thailand
Gold** . ' "84 88 . 5. Africa, Canada, US, .
' ‘ : . Australia -
Iron Ore © 55 61 USSI}, Australia, US, -
! . . » Drazi . ~
Lead** . 59 . 77 US, Australia, Canada, gp
. . - Mexico ) » .
_Manganese** 78 " 95 S. Africa, Gabon, Brazil,
. <. Australia ' .
Mercu? 65. 65  Spain, USSR, China, Italy
Molybdenum** ' . 99 . 98 US, Canada, Chile, Peru
Nickel** - ‘ 63 - 65  Canada, New Caledonia***
Phosphate Rock** 81 88 US, Morocco, Sp. Sahara,
‘ ' Tunisia :
Platinum group 99 .99 S. Africa, USSR, .
Canada*** .
Potash** 90 95"  Canada, W. Germany, US,
y . ' France .
Silver ~ 53 . 00 Peru, Mexico, Canada, US
Tin . ) 65 48 Malaysia, USSR,
- ' . . .Indonesia, Bolivia
Vanadium*' 85 96 S, Africa, US, USSR, Chile
Zinc 43 .57 Canada, Australia, US, Peru

*Figures are based on 1974 data.  **Calculated for noncommunist countries only.

***For nickel, figures are for two largest-producers: for platinum for the three largest. -
Source: U.S. Bureau of Mines.
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In the short run, price increases tend to have little gffect on mineral
demands. Materials are usually a small part of the cost in most pro- ‘
duction processes, and firms will choose tq pay higher prices for min- -
erals rather than alter their basic production processes: In the long 15
run, it is safe to assume that there is substantial price elasticity for'
minerals, but this will ‘not stop a cartel from functioning effectively

in the interim.

Because it takes a long time to open mines and construct processing
facilities, price rises generally wi_lr not trigger significant increases in

production by non-cartel countries. In those cases where strategic
stockpiles are available, however, these will .often be ‘tapped 'in an .

v

effort to moderate the impact of soaring prices. .

"The tension and rivalry that sometimes exists among producers does
nét mean they cannot form an effective association. Little holds the -,
member countries of OPEC together beyond their keen understanding

of their shared self-interest in a cohesive organizatign. The ownership *
of many mineral resources by governments rather than by.private,
firms may also strengthen the prospects for successful cartels.

It is sometimes alleged that the ideological differences between major
migeral-producing states. will handicap the formation of cartels. A
quick glance at the list of major producers for several basic minerals -
underscores this point. However, idgological differences often seem to K
pale alongside marketplace "considerations. For example, the Soviet -
Union has long cooperated with South Africa to maintain the diamond

" cartel. ‘Even the United States, which perceives itself as the bastion of
international free markets, allows. its mineral producers to participate
in cartels under the condition. that the cartels affect only foreign
markets:1° ! ‘

¥

If formed at the same time, several cartels can act to one another’s
mutual benifit. A copper cartel, for example, could be weakened in the’
short term gshe sub’st‘iytution,of aluminum for copper. However, the 7 «
chances of this: happening will be greatly reduced if there also exists
an effective baukite cartel that-restricts the supply of aluminum.
- i i ) I ‘ . . .
The likelihood of gffectlve mineral cartels is a matter of conjecture,.
and reasonable be?zp.le :can-come to-different conclusioffs. However, it

PN} K .‘- . 1‘ :.7..
“ / -
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is acknowledged by all-that such'cjrtels are plausible, and that com-
prehensive Programs to repair, reuge, and recycle our material goods
would limit the impact cartels could aye.on importing countries.

16

—_—

Energy_ and Environmental Constrai t'%

More than one-fifth of the total USS. energy budget is now spent on
materials production, and that fragtion is rising. The mounting cost
" of energy and the envirorimental dhmage connected with .energy and
. materiafs production are of increasing concern.2 :
. R - )
The primary pfetals industry uses|about 8 percent of total .energy . -
- cohsumed in Ahe United States. Of 'this, about two-thirds is used for
. iron and steel productipn,-.and about one-fifth for aluminum. The =
plastics industry, which remains one of the fastest growing industrial
sectors in most Western countries uses oil as its feedstock. In ‘the
United States, more energy is embodied in plastics than is’ used in
aluminum production. Un%i{(e refined metal,iowever,‘ the energy in-
vested in plastics is generally only recoverable through combustion.
In a society where recycling was the rule rather than the exception,
the, energy initially invested in refining aluminym might be property
perceived as an energy investment forfthe future. Only. 4 percent as
much energy is req_u'ire)d to recycle aluminum as to refine bauyite
ore o W : 2
i The amount of energy required'to produce one unit of a basic material
.from virgin ore can be compared with the amount required to produce
-recycled materials from scrap. (See Table 3.) The recycling oFatumi-
num, copper, and polyethylene plastic can save large amounts of
energy, while the recyfling of glass and' newsprint can save smaller
amounts, 22 : : o -

'By producing raw steel from scrap, the steel industry avoids using
energy to mine and transport iron ore, coal, and limestone, as well as
to produce iron in a blast furnace. In the case of glass production,
- with only one melting step and no energy-consuming cﬁemical re-
actions involved, the energy-saving po,t_qntial'f\rom reuse of scrap
glass is cpnsidersgly less. ¢

ERIC

Aruitoxt provided by Eic:

. L.

EREE - S



' L.
»

Table 3: Energy Used i;?}ocessing Virgin and Recycled Materials
S S ' '

S ' Amount of - C\’7
b 7}’#{'[:' nergy Needed to Process "Energy Saved ¥ ‘

+ N BN . A
Material ~ * VirginOre  Recycled Material By Recycling
o . e (BTU/pound)‘ . (percent) |

. Steel S 8,300 7,500 (40% scrap) 10

‘ ' : © 14,400 (100% scrap)’' - 47
Aluminum . - 134,700 - :5,000 96
Aluminum Ingot 108,000 2,200-3,400 97
Copper , 25,900 © . 1,400-2,900 " 88-95 . -
Glass Containers - -.7,800 . 7,200 . 8
Plastics (polyethylene) 49,500 ° 1,350 N 74
Newsprint . 11,400 - 8,800 - 23

" Source: Adapted from Christopher Hill anc‘é Charles Overby.

|
IS} . ,
Mast differences exist in the amounts of energy needed to process
various virgin ores, but the range of energy requirements for recycling
used materials is much narrower. Sometimes energy relationships are .-
“even reversed at the recycling ‘stage. For example, 17 times-as much
energy is needed to refine one pound of aluminum as to manufacture
one pound of glass, but almost 50 percent more energy is needed to
recycle one pound of glass than to recycle one pound of alumtinum.
(Injfact, at centralized resource recovery plants it can actually require
re energy to sort and recover used glass than to simply dispose of
the glass and start fresh.) On .the other hand, aluminum containers .
can currently be used only once before being recycled whereas re-
" turnable glass bottles can be reused several times at great energy
. savings. ' . a '

There is a happy coincidencé between conserving energy and making
‘efficient use of material resources. The current wasteful materials
policies could only have evolved in an era of cheap, abundant energy.
For the last century we have been living off our energy “capital”’
(sunlight stored in the form of fossil fuels); we must soon begin

1 b

. ) . L S
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living ‘off just our “income” (sunlight used directly). Now that the .
énd .of the petroleum era is in sight, fundamental shifts’in materials - .
pdlicies will neegssarily follow. Even as energy provides a constraint?, .
18 on mineral extraction, .a scarcity of materials would limit our future’™"
' capacity to harriess energy. The dependency is mutual.23 ) )

- -~ »
.o

Materials palicies also. have' important’ environmental implicatigns.
“Much of ‘the' world’s pollution comes ffom the refining and produc-
tion of primary materials. This ‘problem’can only’ grow as the mining
+ ‘industry mg'vés to lower grade.ores. More energy .will-Be required per
©  unit produced; and all energy use carries an environmental prige ag.
. THe mineral processing facﬁity itself,’ which can discharge dE;nger('«)us_,
compoundg -into the air or water, ust be outfitted with' increasingly
~ -sophisticated arid costly pollution abatement equipment if continuing -
degradation is to-be avoided. cowt s :

énologi_cal materials,.such as wopd pulg and c¢Gtton,.can also pose én-
- ironmental problems. Unsound agricultural or.silvicultural practices
- .can quickly turn a fertile tract into a disaster ara.-Because biological
resources are renewable, there is a populartend¢ncy. to thipk of them

as unlimited. Nothing could be further from the truth. It cultivated
carefully, crops can be'plinted in perpetuity. But if, the fand is pushed

. Past its carrying capacity or otherwise abuted, permanent damage
¢an be done. 24 A R e
W As ever-lower grades of ore aresmined, the ‘sheer-volume of materi

“to be moved and processed necessarily increases. The mining agd
transport of this growing tonnage has profound implications for lafd
use. President Ford’s ten-year energy .development plan—since abak-
doned by President Carter~would ﬁaveldisturbed more than 45 mil-
lion acres, an area the size of the state of Missouri., At Some point the
land required for continued mineral extraction will not be available. " °

As we approach that point, costs will rise rapidly.?s _ ' 7

~Land use problems can arise at the opposite end of the materials cycle
-as well. After products have been degraded into “wastes, they must
1somehow be disposed of. The situation in the United States’ illus-
- trates the extent of the problem. Almost one ton of solid” waste per

§ . R ' . ' \ ~‘.
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. 640,000

_ more/ More commonly, they are breeding grounds for rats and .in-

. .ing industries to immediately recycle the “home scrap” produced

RV

* Almdit oné ton bf solid Waste per person
is collectedqnnually from residential,
- commercial, and institutional sources.” \

o

. . - . ) . e N
person is gé)ll cted, annually from residerith‘,/c()mme'r'ci'al, and ipstitu- =~ -
tional sources. Most of this waste goes into 14,000. open dumps, od;" -
cupying «bouit 476,000 acres. At tﬁe present rate‘of disposal, about -
500 new dumping locations must'be found each year.2¢ - 19

. . ‘-. . - . -F 3 ”' .- ’ vof =
The f%t a‘(d‘m_ost obvious problem is findihg Jand néar urban areas
for this bu/ k.“Some cities are hew lcpking‘wit g a.radius of several = -
hundred miles’ without notable suce®ss. Thef citizens of, Virginia -
Beac-h,‘Vifginia, in an act of whimmsical desperafion, decided to piFe up

ns of garbage as a tfarge hill; they then christened it “Mt.

. Trashmore.” Sixty-eight feet h‘ig%l, with”a nine-acre base, the grass-
covered knoll is the focal point of"a tecreation area. The 160-acre park
in whicl1t sits has a lake, .tennis courts, skateboard ramps, an amphi-
theater,/ and picnic areas. The city has now announced its intention

ltb ‘ui/ a second such mountain. But this approach has obvious
imits. /- o e . - . .

L4

-
Not all dumps-around the world are as neatly manicured as Mt. Trash-

sects) and;{prone to trash fires.'Incinerator. emissions foul the skies;
g / . A H

rungff and leachate pollute surface and.groundwater. The, aesthetjc - -
blight is not confined to the dump, but is obvious from the poi#s "
where mdterials become wastes: litter and srilled'trash mark the route’ = -
of a problem that grows uglier as it grows aréer. With a current U.S.
-prjce tag of about $4 billio@_a year, the problem begs for reduction -

Y a more manageable size. __ '

. L . - R

PERA ~ ‘ Av
tween the Mine and the Dump . s o .
. s )

T

wef . . *

- Most materials flow directly from®their natufal source (a mine, forest,
or crop) to a prockssing plant, to a-mqnufacturing industry, to a con-
sumer, and lastly td the dump. At several points afong this path, mate-
rials can be recycled. It is common, for example, for primary progess-

- ipside their own facilities and also the ""prompt’ industrial sqrap™
produced by manufacturing industries. - .

¢ SN
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.Aftér"‘a'manuféctur;} commodity has gohe through i}s expefted life-
time;. it can often be repaired. This in§ludes such’dctions/as over-
hauling automobiles, reqapping tires, mending clothig, and renovat-

2/0}3 buildings. A second way: to stretch t lifetime_p¢ materials. is
' through the djrect reuse of material goods WTFEQ%V
form. Packaginy, refillable bottles, and shipping pallets can be imme-
diately reused; flunctionally adequate, if.stinstical y dated, automobiles

can be resold. /- v ‘ ) -
For. goods clearly at the end of their usefulness, complete tecycling
"~ is generally possible. Fhere are large social and economic advantages
te. segregating them Py component materials as close to the point of
, erid use as possible for easy recycling. For example, many neighbor-
. hoods, apartment ‘biildings; and commercial establishments provide

_fos ~the periodic pitkdp of he'wspiipers,and other paper products.

Many communtities| have- established recycling centers where. paper,

beverage containers, and .waste oil can be. deposited. Irr couple of -

instances—notably,. .aluminum cans and automobile 'lubricating .oil—

the 'industries therfiselves have participated in the establishment of
b -

récyclihgﬂéﬁtf@@ fof ségregated products, |
Resources®can also be recovered at centralized facilities designed to
recycle mixed urban.wastes. This approach requires the least effort

on t art of the individual consumer, but it places vastly greater

economilc, energy, and. environmental demands upon the recycling

technology. Moreover, due to the frequent contamination of -one set
of desired materials by another, mixed-waste systems hold lower po-
tential for a complete recovery .of high-grade materials than do othe?
systems. C e

[ - B :
“~\.__-There are thus three basic componefts of afsustainable resource
'\polig.y:_waste reduction, with an_ emphasis upon smaller, simpler,

more easily repaired, more durable products; was geparation, which-

requires consumers to segregate useful .constituents of the wastes
. instead.of mixing thém to etﬁer;' and waste recovery, which consists
of high-technology, centralized facilities to resegregate mixed wastes
into their useful components. Each deserves.a more careful examina-
ion. . .

<
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Frugality _
- a

A complaint often heard from purchaser¢ of houses, major appliances,
or-almost anything else today is that "they don’t make them the way"

they used to.”” As recently as the forties, most products-in the indus-
trial world were being built to last. By the end of the fifties, this was

‘undoubtedly no longer frue. Many people can empathize with Willy:

Loman; a character in the play Death of a Salesman. ’Once in my
Jife T would like to own something outright before .it's broken! I'm
always in a race with the junkyard! I just finish paying for the car,
and¥s on its last legs. The refrigerator consumes Ee’?;snﬁk

maniac| They timeegi

and thrown away. Sometimes it is recognized to contain materials and
embodied -energy, and it is recycled. But even when ,an item is re-

cycled, a great part of its value i$ lost. The difference between the
value of the component materials and the price of the item.when new -

'is thie value added—the labor and overhead costs of manufacturing

and selling the product. In order to retain this “"value added”” for as-

long as possible as part of the national wealth, society must design its
products for durability. )

!
®

There is no question that most consumer durables could be built to
last much ‘longer. Two basic strategies toward this end include de-
signing products for longer wear, and designing them for easy'and
economical repair or remanufacture. In the latter case, it might be
sensible to make even the product’s exterior replaceable, so that the

item could be kept-looking relativély new. This whole approach to’
- materials- and energy-conscious design, known as ‘'non-waste tech-.

nology,” is*receiving increasing attention.?’
Y.

: ' .
During the fifties and sixties, Vance Packard and others thoroughly
aired the concept of planned obsolescence. Non-waste technology
was definitely not the choice of the day. Packard showed that some
groducts were being specifically engineered, and component materials

eing explicitly chosen, to- ensure a short life span. Some portable
R T et . -
"y -

’ s
~-—

T

e a goddam"
‘ ose things. They time them so when you’ve fi- -
- .nally paid for them, they're used up.” ’ o )

-

- When something is “used up,” it is generally thbixghthof as ‘waste -

¢



radios, for example, ‘were being de not more thdlj\ thrée
years and the average life expectancy of several types of light bulbs; /7."
dropped by about one-third.2 RPN

22 “Planned obsolescence is common in many industries. Each year the

manufacturers of men's ‘gnd women's clothing. “forecast” which
+ colors they expect to be popular in the coming season. They. have a .
noteworthy record of success: year after year the public purchases -
the color that is “in.”” Much of the modetn concept of planned obsok .
lescence has its roots, in fact, in the constantly changing style
adopted almost fvhimsically by the leading manul'},acturers of men’s
. .and women's apparel. Louis Cheskin of the Color Research Institute
...~ .~ contends that ‘Jmost design changes are made not for improving, the
rroduct either/ esthetically or %nctionally, ,but®or making it obso-

ete.”’2? ' 4 o

Henry Ford, the auto titan, based his early success upon a rather sim-
K/%e strategy. He %eveloped a basic design and incorporated it in his
odel T; over the course of 15 years he permitted only minor changes
in the vehicle and successfully lowered the price from $780 to $290.
. Competing manufacturers found the price-reduction contest increas-
+ - ingly ‘unattractive. General :Motors finally hit on theiidea of using
. stylistic fashionability as thé.key to selling the consumer ‘a new car.
In the event that someone took such good care ofvhis or her auto-
mobile that it did not date before its:time, annual dutomobile fashion
shows were arranged.to pr,ema‘r'llfr'ely undermine the perceived grace
ag;l-styl‘e of the yeﬁi,cle.” ’ L

Marketers also discovered that by “positionirig”’_theit products care-
* fully they could promote multiple purchases.. Appliance manufac--

turers, for example, began narrowing the range of tasks that could be
erformed with a single utensil. ereas a few years ago most people

E(iught pots and pans for their kitchens, today they are sold appli-
ances that can cook only hot dogs, or onl ,hamﬁurgers, or only

doughnuts. In the process. kitchen cupboards rhust be enlarged to
accommodate cookware that is uséd rarely, at best. ‘

Differences in “'position” are almost invariably the creation of adver- -
tising executives rather than the result of any real need on the part of
” , o A

. re! K N . . e
[ o
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~P'ac_kaging represents one of the fastest growing materials-using

'40. percent of municipal solid waste. About. 75. pércentcofall- glass.

R T ’ . "In1977,
- Americans used some 20 billion {
square feet of aluminum foiland | °,
24 billion aluminum cans.” /
[

-
v . B
. . . o o »
a particular consumer. Cigarettes and alcoholic beverages are two of :
the most carefully *"positioned” products in the advertising field.

. One brand of Scotchiwhiskey will sell for double the price of another.’ 23

—despite virtually identical tastes—simply because it is marketed as
i Y ply

" the .choice of the rich. The real difference, of course, is not in the. -
‘product but in the packaging. Given this economic fact of life, the %

packaging industry has become a growth industry par excellence.

i} ‘,,
sectors in the economy. A number of nondurable,” small consumer i, =
goods are deliberately marketgd, as ""throwaways.” Beverdge containers .-/ °
and convenience foods are prominent examples. Everything from-
popcorn to'complete meals can be purchgsed in aluminum pans de- -
signed to be tossed.‘away after one use. Lo ’ '

These examples may seem trivial, and, taken individually, they aré

‘not in fact very important. But when added up, the packaging prob-

lem becomes formidable. In 1977, Americans- used some 20 billion

) siuare feet of aluminum foil and 24 billion aluminum cans. Virtyally
al

the £oil and 18 billion cans became part of the nation’s solid waste .

immediately after use.?! : e ‘ :
R T . “ _ e

In the United States, packaging now accounts for between.30. and:
produced, 40 percent of the paper, 29 percent of: the plastic, 14 per-
cent of the aluminum, and -8 percent of ‘the steel is used in packages.
In many cases, the growth in ﬁaCkaging'far outstrips the growth in.- -
sales of the product being packaged.: Between 1958 and 1970, milk
consumption per capita decreased’ by 23.1 percent while milk con-» =~ .
tainers increased by 26.1 percent per capita. Further, Americans some- )
times pay several times more for containers than for the products in-
side them: salt in small throwaway containers can cost 15 to 17 times

"as muich as the same salt purchased in larger containers.?2

¢ - . f

. Within limits, there are technoldgical ways to address the problems

of wastage in packaging. With:a'modest amount of redesigning for &
materials conservation, many ‘products ‘could do more with less, The -
Campbell Soup Compan$; for example; is ndw marketing a new can

/' ) . A el 4
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- tation fuel would bé saved as well by former commuters. In the T

o .
S v
-

i . Lot N

for dog food that uses 30 percefit Nyss materials, and costs 36 percent
less to- manufacture, than prev eans. If “all current steel and tin .

cans were replaced with cans of/the’Campbell design, one million tons
of these metals would be saved annually.$ -

I3 . s '
But to design a society that is truly thrifty if its use of materials, far
more. than technological fixes will be required. At a minimum, prod-
ucts must be built to last and be designed in ways that simplify repairs,
and rémanufacturing. D ' : B

N

In remanufacturing, many’ identical products are brought to a central

facility, disassembled, cleahed, inspected, and then reassembled, usual-
ly on an assembly line. This is a common procedure with automobile
parts' and even tires.. About one-fifth of all vehicle .tires produced

-in the United States today are. retreaded. These 45 million retreads
‘have lifetimes up to 90 percent as lon? as those of new tires. If all
or synthetic rubber would bé -

tires, were retreaded once, the demand
cut by about-one-third, tire disposal problems would be cut in half,

and substantial energy savings would be realized. Jobs would be lost -
er and new tire industries, but new jobs would"
be created:in -the tire recapping business. Such businesses. tend to 'be *

in the synthetic rub

much smaller and more regionally distributed than facilities to manu-
facture new tires.’ . . = - : '

?
>

The renovation of dilapidated urban.residences, currently inspired in
part by rising gasoline costs for commuters, can be thought of as
an important farm of repairing obsolete existing products. Often
these structures were constructed more soundly than many contempo-

rary buildings. If during renovation they were also weatherized drtd— -

where possible—outfitted to take advantage of solar energy, the energy

_benefits would be substantial. Np rietg.materials need be constructed -

for the shell ofthe building, and a considerable amount o‘f,'tf\a.nsilor-

ird
World, upgrading existing domiciles: has been’found, to' be far- more

. cost-efféctive than 'constructing ‘rew houses. As :a 'congequence, the

World Bank has shifted much wof its housing assistance from new
construction to rehabilitation, and has spent $866 million on such
projects since 197.‘2,95 o ,

I3




. _ SR t

Of the various "solutions” to the problem of materials scarcity, ‘none -
is more important than waste reduction. Eliminating things lH’nat are .
unnecessary is better from. every perspective than simply recycling j ™
them: waste reduction saves materials, redutes energy demands, eases 25 .
environmental pgoblems, and eliminates some of the clutter in con- ‘
temporary life in, the industrial world. There are already-indications of
trends_in_thts djrection.. In many subcultures in Western societies, the:
ethic of conspicyous’ consumption“is beliig replaced by one of cpn-
spicuous frugality. Carried to its logical conclysion, a careful examina- ...
tion of waste reduction will require-a fur'\dar"‘\g:_h_ta'l- rethinking of the: . =~
structure and direction of the global economy=& " .

“Waste Separation -
. .

. : i . BN . - R
No matter how heroic an effort is made to reduce the volume of mate--- -
rials' leaving the economy each year, a large amount of waste will still .
-be generated. In’géneéral, the most qost-egfé'c_tive and efficient way to
.teintroduce such materials into productive use is through segregation
“#t the point of origin.'Miich of the energyinvested in economic.pro-
duttion is used- to réfine and bring structure to what was originally"
a disorganized conglometation of raw.materials. It seldom makes sense’.. .
to mix these-diverse materials together in a garbage stream, only to be.:
forced to invest still more energy later in their resegregation. o

-

A

Many governments have begun to promote recycling through source
separation. The motivations behfnc‘r these efforts’ vary. The United
Kingdom and France, for example, cite their declining domestic self-
reliance for minerals'and view recycling as a path toward more mate-
‘rial independence. Sweden has an aggressive paper récycling program
‘to reduce tree cutting since forest products are a mainstay og the
Swedish economy. The Netherlands has: noted the-poténtial energy
savings associate,g'w_ith recyclin, when,co'mpared.witﬁ the refining of
primary ores. And, of course, all are acutely aware of the need-to re- .
"~ duce the volume of waste to he-disposed.of .37 Toa
Source separation is the best way to recover wastepaper for recycling,
since paper js frequently contaminated when mixed with other gar-
‘ LPREN
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‘Bage:.dt-is also’ an attractive way to rpeycle glass, aluminum, ferrous
metals, some plastics, and organic wastes for wmposting. At least 500
. source separation programs of various types now operate in. .the
26 United States. In Portland,.Oregon, a city of 900,000 peoplé,: an esti-
mated equivalept of 80. full-time employees recycle 77 tons’ ot "iirban
refuse daily.3s | 7 o TR ‘

;

In Sweden; ‘the separation of wagtepaper from: all other garbage in.

homes,- shops, and offices will be réquired by law for most of the

country by .1980.: The papgr induétry, made* such legislation ‘a con-,

dition of “its investments' jn, .new .wastepaper processing plants. In

4o “the United-States, abolit one=Fifth of-all paper is recy'clei, and it act. .

counts for 90 percent (by, weight) of all materialgzecycled. Rec: cling

of high-grade paper is required by law in all federal office buildings .

“with 100 or more employees; newspaper recycling is stipulafed for™
federal faciliti¢s. housing 500 or more families; and recycling of corru-
gated contdiners..is'mandatory in federal facilities usifig ten tons or’

more of such materials per month. ' o :

s

Glass recycling has received a high priority, in ‘many countries because

it can help solve a serious litter problém. The benefits of ‘recycling
glass are not as great as the benefits of reusing glass coiitainers when-

ever that is possible—and generally it is possib?e. But recycling glass
does make great sense when reuse is not an option. West Germany"
uses 3,000 collectibn containers to recycle 260,000 :tons of used glass
+ a.year—equaling ‘about 10 percent of the cquntry’s annual production

of glass contditiers. In Switzerland, one large” glass manufacturing .
concern has Been‘consuming increasing amounts of recycled glass
each year: 16,471 tons-in 1973; 45,800 tons in- 1974; 55:696 tons in '~ «
1975; and 62,884 tons in 1976. Sixty percent of ‘the Swiss population -+ 7
now recycles glass. 0 v * 0 ¢ N T

1

N
. A classic succegs story of glass recycling involves thie Glass Containers
: . ¢ Corporation - facility, in Dayville, “Connectictt,: ‘which found that it
& 7 could redu¢e paiticulate emissions by increasing.its use of recycled
o ooglass. Under pressure from the Environmental Protection Agency to
7 ointroditge pollution control measures, the plant began increasing its.
© ruse 9f cullet. “Today, a full 50 percent of its raw materials comes (grom !
recytled glass—70,000 tons a year—and the plant manager hopes® to
e s
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" 2''In the United States,
E 2 about one-fifth of

all paper is recycled.”
g ) B o’
. (/"ﬁ ' - L

increase the percentage. The facility now meets air qiraje:\lity standards
without costly scrub%ers, conserves fuel, produces a high quality’

. glass, reduces both litter volume and landfill requirements, and pours _ _
gZ.S million into the local economy for recycled glass. 4t 27

he benefits of metals recycling are even more apparent. In addition *
to the energy savings discussecfearlier, the reuse of ferrous scrap by
steel mills and 'founsries leads to an 86 percent reduction in air pollu-
‘tion, a 76 percent reduction in water poﬁution, a 40 percent reduction
in water use, and a virtual elimination of solid wastes. Similar benefits
are involved in the recycling of other metals.4 '

-+ Essentially all metal embodied in heavy industrial machinery is re-
lc_-i'cled. But ‘the record for consumer products is less impressive. '
erschel Cutler of the Institute of Scrap,Iron and Steel points out
that “there are over 600 million* tons of recoverable ferrous’ scrap -
strewn around [the United States], and better than 8 million cars,
buses, and trucks will be added to the backlog this year.” In 1977,

. post-consumer recycling contributed 20.1 percent of American copper
(down from 24.8 percent in 1968), 19.2 percent of iron and steelp(up
from 13.3 percent), and 8.4 percent of aluminum (up from just 4.6

' Bercent nine years earlier). About half of all antimony entering the -
.~ U.S. economy is recycled—mostly from antimonial lead in batteries.+*

Althodgh al:}finum is worth several times more per ton in the market-
place than ferrolis metals, iron and steel are mucE more easily recycled
as they can_be separated from other materials with magnets. While
technological advances' might make centralized separation of non-
ferrous metals practical, the resl future of recycled alumgipum will -
probably depencrupor'\ source separation. Lo , T

Plastics can be divided into two maih classes: the_r”rhOplastics, such as
polyethylene, polystyrene, and nylon; and thermsgfpets, such as poly-
esters, phenolics, and epoxies. Thermoplagtics can be tecycled by re-
- melting, though ;sspme quality is lost on? ach new round. Such re-

melting, requires &’ smaﬂ fraction of the energy ariginally needed to
make Mastic. Plastics must-be carefully separated by chemical type
and-all contaminants must be femdved before melting. Unlike mixed
steéls; mixed plastics do not form alloys well, if at all. Only industrial

[
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scr?p list currently récycled; post-consumer. plastic is, at best, burned
as fuel,

Thermoset plastics, however, cannot be remelted. When heated, they
reak down into mixed orFanic gases .and liquids. It is possible that
these organic products could be used as chemical feedstocks, bpt it is

also possible that the only potential use for waste thermoset plastics
is as a fuel, : . ‘

The biological portion of the solid-waste stream is perhaps the sim-
plest to recycle. Consisting of paper, garden debris, and various food-
related materfals, this portion can be easily separated in individual

" ‘households, and then decomposed in a compost pile. Composting is'a

very simple process, practiced by farmers and home-gardeners for
centuries, and it requires little sophisticated technology. The organ-
isms "necessary for decomposition are normally already present; the -
materials tobe composted only need to be kept in an oxygen-rich en-
vironment through occasiona(mixing. Within a period of weeks, a

.compost is produced that is odorless and germ-free, rich in nutrients,

and useful as a fertilizer and soil conditioner. Composting can be done
either at the household level for use on private gardens or at cen-
tralized facilities for commercial applicatiort on croplands, woodlands,
or strip mined areas. - :

Interest in composting has been building rapidly around the world in
recent years. In Leicester, England, the Wanlip Composting Plant is
simultaneously treating domestic garbage and municipal sewage
sludge, The resulting compost is sold for use on croplands and on
household, gardens. Fn New York’s South Bronx, a composting pro-
gram begun in 1976 aims to restore the soil on 500 acres of vacant
urban land. The main input consists of vegetable wastes from a large
produce market that previously were hauled to a landfill at consider-

- able cost. In the first year of operation, the Bronx Frontier Develop-
“ment Corporation was able to restore 17 acres of vacant land with a

six-inch layer of post. Each fertilized acre should be able to supply
vegetables for 40 8F more people. 44
The biﬁfest disadvantage of source'ée_garation schemes is that they
-enterprises that can be wildly buffeted by the dramatic price
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expenditures on waste management
are second enly to those
o . f « oneducation.”

a

hanges that often occur in raw materials markets. Macroeconomic

" # trends affect the prices not just of recycled materials, but also of raw

. materials. Most of the world’s mineral companies are' either huge,

transnational enterprises or government-owned firms; in either case,

“ they are able to tighten their belts and wait out tight periods, Com-

munity recycling centers do not, unfortunately, have such flexibility.

One answer might be government ownership or underwriting of re-"
cycling efforts. This, however, seems likely to dampen some of the
entrepreneurial spirit so pervasive in the recycling field. Another

- option would be to provide government price supports, or guaranteed

government markets, for recycled goods, thus‘flattening out the hills
and valleys in matetials prices.-Gerinany, Denmark, ‘and. the Nethert

lands all have programs to encourage government procusement of re-
cyéled paper in an-effort to ensure at least a minimuni level of de-:

mand. 4

Direct subsidies are another J)(_)ssibility. Americans spend about $4
billion a year collecting and disposing of municipal solid wastes. In
many cities, expenditures on waste management are second only to

- those on education. To the extent that this volume can be significantly

reduced by active source separation and récycling programs, a credit
should be received by the recycler for the money saved. Today, only
about 6 percent of municipal solid waste is recovered in any form.

In the final analysis, the success of source separation programs de-
pends on the percentage of the public that participates in them. On
the one hand, thorough programs with concomitant life-style changes
could gsult in a'more Ira’matic increase in the percentage of goods
recycled. On the other hand, strepuous programs might mean fewer
people will take the trouble to participate—either to acquire materials
or to dispose of wastes—except in times of national crisis or in the

4 . .
event of major pfice increases. . "

.

Most of the rec;'cling efforts around the world during" the Tast few

v o . “In many cities,

29

v

years have attracted widespread participation. In the central Swedish . .

town of Orebro, for example, between 80 and 90 percent of house-
holds were willing to cooperate with fairly aggressive, experimental
recycling efforts. Writing in New Sciengist, Brian Hammond contends -
2% B
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- that “"the reasons are not difficult to define. In an increasingly imper-
sonal world, in which political and economic events seem as arbitrary

and unalterahle as the weather, many of us feel remote from the real
levers of power. At'the individual level, recycling systems give us, the
chance to help, to exercise control over at least one section of the
whole complex and bewildering macroeconomy. We become, once

.more, a useful part of the whole set-up—and we like it.”’47

‘

The role that source separation could play is often underestimated b
government officials 4nd others who believe that people simply wiH
not change their behdvior. Yet pgople change their behavior all the
time, and at least occasionally it is ior the better. A study in the United
States suggested that an average family would only need to spend
about 16 minutes a week to he involved.in a source separation pro-
gram. It is hard' to believe that even rather modest changes inprices,

- coupled with a reasonable effort at public education, couldn’t bring

~ about at least that levelof pa\tjg:tion,u

Resource Recovery S 4 , o
. & .

It is unlikely that urban waste streams can be entirely recycled through

source separation. Some centralized facilities will probably prove nec-
essary, especially near large metropolitan areas. The U.S. Environ-
mental Protection Agency, in its annual report to Congress for 1977,
listed 118 centralized resource recovery facilities in various stages of
development. About half of these had a capacity of at least 1,000 tons
of refuse per day.+

Resource recovery systems remove valuable materials by taking ad-
vantage of their physical properties. Copper, for example, has a spe-
cific gravity of 8.9 and can thus be separated from aluminum (witﬁ a
speci?ic gravity of 2.7) using a liquid medium. It can be separated
from iron using magnets. Its color allows it to be separated from

bronzes and brasses using optical techniques. Sophisticated tech- -

niques are being developed to separate copper from other nonmagnet-
ic materials such as tin, lead, paper, and polymers,s°

~
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At today’s prices, energy production provides two-thirds or more of
the revenuq'from centralized ‘resource recovery systems,” while mate-
rials recovery provides less than one-third. The tendency is to estab-

lish a diversity of smaller resource recovery plants near the sources

of energy demand, at shopping centers and factories, for example.

Howéver, there are very real social and political barriers to the es?b-~ -
“ment of such units in most neighborhoods:! a ,

C : ® (. - .
" One objection stems from the volume of traffic involved. A 2,000-

tons-per-day resource recovery facility would receive about 250 large
truckloads daily. Other objections.at the local level deal mainly with
environmental problems: biological pathogens common in garbage,

. heavy metals and complex hydrocarbons emitted during combustion

or pyrolysis, water pollution from landfills in which the residues are
buried, and local fogging due to-moisture discharges from cooling

sowers. Because the extent of risk is not yet clearly understood, there’

is eneral reluctance to build resource recovery units that might be
th€ target of environmental legislation.adopted at some later date.5?

Three principal energy-harnessing ‘technologies are commonly re-

‘garded: as holding the most potential fot' resource recovery systems:

.waterwall incineration, refuse-derived fuel, and pyrolysis. Waterwall

«_igcineration to produce steam—widety practiced in Europe—is a mature

technology, although new approaches may be_able to’increase the
efficiencc’g of ‘boilers. *’Refuse-derived fuel” is produced by grinding
(and sometimes chemically treating) the organic components of urban
waste. The highly combustible product can be mixed with fossil fuels
in conventional power plants. Pyrolysis—a technology to convert

wastes into high-quality~liquid, gaseous, and solid fuels—is not yet
. being used successfully on a commercial scale.*?

As the process becomes more sophisticated, the possibility of mechani--

cal problems increases. Pyrolysis ‘plants, in particular, have been
plagued with malfunctions. Moreover, although more sophisticated
processes produce a higher quality energy, they'do so at a substantial
net energy penalty. It may well be that the optimal energy-harnessin

‘option for urban wastes is direct combustion, perhaps using fluidizeﬁ

.beds for greater efficiencies. Virtually all resource recovery facilities -

recover ferrous metals, and some employ equipment (with varying

l? »
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levels -of success) to separate other metals apld glass from the com-

k bustible garbage. The economics are most {viable when conventional
32 disposal costs'are high and markets for recycled materials are nearby.

I3

A fourth approach to energy production from waste, which shows:
particular promise for metropolitan areas with populations . over
500,000, is'anaerobic digestion' of a mixture of munijcipal organic

. waste and human sewage. The by-products are methaney whish can
* 'be fed into existing natural gas pipelines, and. a rich resiége that can
be used as fertilizer. The principal ‘problem is avoiding cofffaminants
that could poison the digestion process or that“could pose hazards
when applied in fertilizer. Also, because this is a relativelaf slow pro-
be needed

cess, the'facili?' would require more land area than woul
by other centralized techn(ﬂogies.“ .
Leningrad, with a population of 4.3 million, expects to process all its
municiFal solid wastes through a huge resaurce recovery plant by
1985. The proposed plant would be si% times larger than t¥\e existing
580,000-tons-per-year facility. The,Soviet facility benefits from the
fact that Russian municipal wastes contain almost no plastic and. very
little packaging. Most paper is separated at thé point of origin for re-
cycling; glass containers are refillable, requjre large deposits, and have

a high rate of return.s " - - o
In Toyohashi, Japan, a city with a population of 300,000, an "’Urban
and Rural Environmental Combination System” is_bging constructed.
With a projected cost of $40 million, the system should be completed -
by 1980. Heat recovered from an incineration plant and compost frdem
an associated composting plant will both be u<ed in a huge green-
house constructed on the site. 5 : : o

. I

, In several countries, a strong rivalr{l has developed between the ad-
t

‘vocates of sourcer separation and the champions -of centralized re-
source recovery facilities. The latter tend to believe thecformer have
laudable ideals, but that their proposals are little more than naive dis-
tractions from the real solutions. Source separation is fine as far as jt
goes, according .to the resource recovery school of thought, but it
oesn’t go very f{g because people just won’t chagige their life-styles.

-

’-f v}
o

‘

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

i

Proponents - of source separation, on the.other hand, feel that cen-
tralized facilities are ‘capital-intensive behemoths that produce little
. net energy and. recover a comparatively small fraction OF the material
value of trash. Resource recovery centers are viewed by this group as
 margipally better than landfills as a destination for whatever is not
successfuﬁy recovered through source separation. But there is a stron
fear that economies. of scale will dictate that huge units be built at higﬁ'
expense to handle the éntire current volume of urban waste. After-
ard, cities would .have a strong vested interest in maintaining the
" same level of waste in order to maximize the return on their sunk in-
vestments. This could lead to official discouragement—or even for-
- bidding—of community recycling schemes.s? " :

This scenario is entirely plausible. Successful source reduction efforts,
_coupled with sucfessqu programs to segregate the remaining wastes at
the point of origin, could financially cripple a centralized recovery
facility. A more sensible approach would Ee to first see how much of

the problem could be svlved by comprehensive programs for reducing

waste, recycling, and composting. Appropriately-scaled resource re-
covery facilitpes could then be constructed to process the remaining

. wastes. e

N ’

) , . .. . .
Making the Most of What We’ve Got

The intellectual case for materials conservation i€ powerful, and the
needed technology is not terribly sophisticated. The missing ingre-
~ dients are a broad social commitment to this goal and the implementa-
. tion of specific policies to aChieve it. A large number of specific poli-
cies have been suggested, and a few have been enactedpin variqus.
places. : ‘ o
An intelligent starting point would -be the elimination of the discrimi-
natory taxes and regulations that currently place secondary materia
in an uncompetitive position. Depletion allowances, for example
constitute an outright subsidy designed to encourage the consump-
_tion of virgin materials. In the United States, railroad rates are lower

-
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~ for ores than for secondary materials. Moreover, waste disposal costs
dre not generally felt directly by the consymer, and t y Frequently-—-

do not include all envirqnmehtaf’COSts. The policies thal were en¥ted
34 .in a period of bountiful resources deserve a comprehegfsive réexami-
. nation today.se ' AR .

il

~ Perhaps the most highly publicized scheme to comffat solid waste
deals with one of the most visible. waste products—the beverage con- - -
tainer. Some analysts favor deposits on bottles and. cdns, while others
“would ban nonrefillable containers altogether. Swededi and Norwa
have .taxation and deposit programs for beverage containers. Denmarz
prohibits the use of nonreturnable soft drink containers and is-study-
ing the concept of requiring a standard-sized bottle for. many different
everages. Such ar easily reused bottle is already marketed in Den-
mark for wines.s - Coae .

" An analysis by the U.S, Envirgnmental Protection Agency of proposed
national returnable-bottle legislation fonnd that a successful program
would reduce roadside beverage-container litter by 60 to 70 percent by -
1980, and would save 500,000 tons of aluminum, 1.5 mijllion tons of
steel, and 5.2 million tons of glass each year. It would also save the
energy-equivalent of 45.6 million barrels of oil annually and require
no more capital investment thah-a_one-way container system would.
The program would produce 165,000 jobs while eliminating 80,000
" jobs K)f which normal attrition would account for 40,000, in any case).
rAnd the use of returnable beverage containers would save.consumers .
"$2.5_ billion annually by 1980, rising to savings of $3.2 billion a
i i _ .
yeallBy 1985.00 TN
Although returnable beverage containers would be of enormous béne-
fit'to society, practical politics is always biased toward the status quo.
For example, the 40,000 people who would lose.jobs if all bottles had

to be retirnable have a clear idea who they are; the 165,000 people
who would acquire jobs are not easily identified, and have no union
looking out for their prospective interests, Moreover, a returnable
beverage container law wouli,d cut into the profits and growth poten-
tial of manufacturers of bottles and tans alike, and the two have
-forged a potent political alliance to defeat such legislation. The prob--
lem, in this case, lies not so much in determining what policies would

kY t o, s 9
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*Returnable beverage containers
would save consumers

$2.5 billion annually by 1980, -

rising to savings of $3.2 billion
‘ by 1988.”

- . !

>

-

promote the public interest as in assembling the political muscle to
overcome the opposition of those to whom change would not neces-
sarily represent an improvement. - : -

In addition to mandatory deposits -for beverage containers, such de-
/ posits_have been proposed for automobiles, tires, electrical machinery,
and consumer durables. In Sweden, everyone who has purchased a.
. . car since 1976 has had to'pay a $54 deposit; when the car is scrapped,
_the owner_ receives a refund of $65. The average life expectancy of a
Swedish car is about 9 years, When the car is returned to a certified
/ scrap yard, the owner receives a certificate, which must in turn be
/ shown' to the relevant ministry in order to ""derégister” the automo-
.." bile. In lieu of such deregistration, the owner is presumed te maintain
- ownership of the vehicle, and must continue paying annual registra-
. tiog taxes,on it in perpetuity.s!

&
‘

Another common™ proposal is that all’ products be charged a flat tax -
* based upon the amount of virgin material they contain. The tax could
: ased on the cost to society of toxic emissions and other pollu-
; . land loss, resource-depletion, and the dispdsal of--the-materi
- se: A study by the Research Triangle Institute concluded that
© tM®™18 to 20 percent of U.S. paper currently recycled could be dou-
“bled ‘to 36 percent—roughly the percentage recycled during World
War II-by 1985 if a $25-per-ton product charge were introduced
gradually. The 'net social benefits were calculatedgat $1 billion for a”
_ ten-year Feriod. Similar charges could be levied for all the principal
" sources-of waste.%? : T

A iumber of British analygts have suggested the use of an amortization
tax that would be proportionate to therestimated life of a product—
from 100 percent for products expected to last a year or less down to
~ nothing for those designed to last 100 years or more. The obvious
" effect of this schegne would be to penalize short-lived products in the
marketplace. The #e of severance taxes has been proposed by econo- -
mist Talbot Page. This is.simply a levy on virgin material as it is ex-
tracted from the ground, based either upon its monetary value or on.
the quantity of the material” extracted. The severance tax would be
»  almost a mirror image of depletion allowances, and its purpose would
"" be to slow down the rate of extraction.® y .
. f . g
~__ . . . . . b
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.- be necessary when the price drops due to ordinary market, fluctua-
tions. Building a stable market for secondary materials will doubtless
be a long process, requiring the generation of enthusiasm for recycled
materials in the ‘manufacturing sector and the creation of an infra- -
structure to handle the processing. = - S L

5

o 7
A most important additional role for government at ‘all levels ‘would:
be to facilitate and stabilize markets for secondary materials, perhaps
'by providing price supports or even by becoming ‘the purcHaser of
last resort. An ingrease in the product charges on virgin ore miight also.

‘While some combination of taxes, incentives, and subsidies should

., provide a context within.which a materials-conserving ethic would -

L3

3

evolve, a major program of public education will doybtless also be
necessary. This is particularly true for life-style changesto reduce the
volume of materials used, dnd for programs to ségregat¥ hqusehold
wastés at the point of origin. Cooperation in suck ‘programs cannot
simply be légisﬁlted; broad public support is required. ¢ ' '

JIf source ‘separation is to be truly successful in individual homes,

A

e
B

modest design rearrangements might be necessary, Segregated places . -

' for cans, bottles, paper, and food scraps could handily take the place

- of the single garbage can. There will, of course, be some costs con-
~nected with these chaniges,’but they are trifling when compared, for
example, with the cost of indoor lavoratories and the connecting
sewage systems—an expensive “waste-disposal technology” that was

unheard of a century ago but that is now almost universal in the in-

dustrial world. Twenty years from now, it may be as unusual to build
a“house without segregated waste receptacles as it would be now to
build a house without indoor plumbing. Garbage trucks would be

-similarly partitioned to keep collected materials apart.8s . ‘ -

For"commercial buildings and multifamily dwellings, the government

may need to assist the establishment of ‘recycling programs. Today,

for example, most local governments have policies requiring a certain’
amount of parking space. per building. Considering’ the extraordinary

-advantages, of source. separatior; it would be Sensﬁ)le for these ‘same -
governments to set mandatory space requirements for on-site process- -
ing and storage of recyclable materials. :
0 - ' . ' o K
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Much of the cdntemporary worid was byilt in_al.f'era when oil cost $2

per barrel and most resources were plentifyl. We.are now apprqg_ghinﬁl L

an erain which oil will cost $20 per barrel.and’ several resources-wi
begin to grow. scarce.:This will necessarily prompt some chinges. in.

thln;s we do.

e :

Gy eg e A L , . e
’lﬁ“;‘spme'.naﬁes," these changes will involve no more than the substitu-

* ition’.of ititelligence for materials. New approaches to old problems
“will yield solutions that requiire materials to perform a different func-

tion. For example, adhesives can be substituted 'for nuts and bolts in
joining two materials together. Telecommunications can be substj-

. tuted tor mail a8 a means of transmitting information. A sophisticated

““mini-caltulator can perform functions that previously required a

good-sized computer. In each of these”instances, the substitution re-
sults in a significant decrease in both the materials and the amount of
energy required to perform a specific function.

To-the extent: that life-s'tyle changes are re uired, the public seems
willing to- embrace them. Louis Harris concluded from a 1975 poll

that ““when the alternative is posed between chaniieng\)ur life-style - _

to have less consumption of physical goods, on the one hand, and

.enduring the risks of continuing inflation:and unemployment on the

other, by .77 percent to 8 percent, the American people opt for-a
change in life-style.”” Particularly impressive was the willingness to

abandon frequent changes for style reasons aléne. Ninety-two percent .

were willing to eliminate annual model changes -in automobiles, an

.90 percent, yearly fashion changes in ¢lothing. A 1977 poll disclosed , .,

- that 76 percent of Americans favored " léarning to'get our pleadure out"
-of non-material experiences’’. rather thah “‘satisfying our needs for

' entering a new era irt which thrift will be a prime asset, and that this *

T

R

"get more places faster, .

-more goods and servites.”” Eighty-two percent preferred to ‘’improve

t

5 ’.

T'hg pu',bli'c may be- ahead of its leaders in recognizing that we are

development holds more*promises than threats. Materialism has failed

to provide something for which people hunger, and increasingly they ' :

are turning elsewhere. Voluntary simplicity—a central message of

]

STEREE SR A

- : : Wit

¢

“those modles of travel wesalready have’” instead of “developing waysto

37

the way we do things, and perhaps some changes in the ch’o‘i‘c,e*-‘&)f“_-.
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every major religious figure from Jesus to Lao-Tzu, from Buddha to -
Muhammed—is finally acquiring a modern following. And in that fact
may-lie one of the principal hopes of those who wish to build a sus-
tainable world.¢7 v ' : ‘ Ly

What would .a sustainable wotld look like? Material well-being would
almost certainly be indexed by the quality of the existing inventory of.
ngds, rather than by the rate of physical turnover. Planned obso-
escence would be eliminated. Excessive consumption and waste would
become causes fdr er)barrassment, rather than symbols of prestige.

The, environment would ‘be enhanced, and global pppulation -would
be balanced with the planet's carrying ¢apacity. All people would have

“a means*of: livelihood that ‘yielded fair wages*and di's not deprive them
of health “or ‘pride. The_inflationary impact of raw materials prices

~ -would be diminished, as resource scar'cit?{ was mitigated by the wide-
d B
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;-spread use of durable products that could be recycled. Industries and
- energy 'sources would be decéntralized. and hence less vulnerable- to
“acts of man and nature. Both ends of the matérial d#in—the mine and
the dump—would fade.in importance compared with the improvement
of the human condition:from existing material stocks. Society would,
-at long last, apply its colléctive intellect and.energy to the central task
gf an intelligent materials policy: making the most of what we already .-
ave, . . ‘ ) :




O

ERIC

Aruitoxt provided by Eic:

1. A resource recovery rate of twq-thirds is probably a conservative figure.
i The Environmental Protection Agency’s Fourth Resource Recovery and Waste
Reduction Report ‘to Congress: ﬁNashington, D.C.:11977) estimates that re-
-source recovery facllities' in all urban areds could reclaim 56 percent of the
- nation’s +solid waste. If just 30. percent of the nonmetropolitan solid: waste
could be reclaimed through source separation, the two-thirds figure would. be
realized. A real social commitmerit.to waste separation at the point of origin
could lead to higher recovery rates..Neil Seldman, in *Economic Fe,as{ibiFity
of ‘Recycling," eport to jhe Program .Development and Human Résources
. Divislon, Office of Technical‘Adgistance, Economic Development: Administra-
tion, U.S. Department of Cémmerce, June 30,1978, argues that'80 percent
. of our wastes might be r¢covered with existing technology.” = "7 W

2. NATO Scientific Afffairs Division, Rational Use of Poté;tﬁally Scarce Met-
als (Brus'sglg;t{ﬁlbrth Atlantic Treaty Organization, 1976). B

- A Th'.ef‘iv‘ér",”
fuels; Brian S

June 1976; Thomas Quinby, Recycling: The Alternative to Disposal (Balti-
more: Johns Hopkins University Press, for Resources for the Future, 1975).

Loy

kpi_tfa‘ figure includes iron, copper, aluminum, cement, and fossil
4]

_ . b - ‘
4. 8herif Mahmoud el Hakim, ~Sécial Policy and the Environmentaltlssue:
The Case of Cairo's Domestic Waste,”” presented to the Conferagce on Social
Policy in Arab Countries of the Euro-Arab Sécial Research GRyp, Malta,
November 21-28, 1976. + = . o o

'8, Skinner, "A{«Second Iron Age Ahead?”’; the Environment Protection Agen-

cy's Fourth Report to Congress contains several illustrative examples of poli-
cies that discriminate against recycled materials: ¢, : N
that di cyeclee 5

+6. Robert Ayres and M. Narkus-Kramer, ""An Assessment of -Methgdologies
for Estimating National Energy Efficiency,” presented tq the Annual Meeting
of the Technology and Bociety Division of tlfe American, Society of Mechani-
" cal Engineers, New York, December 5, 1976. "

) -

-

"\ 7 Allen Hammond, " Alcohol: A Brazilian Answer to thie Energy Crisis,”
Science, February 11, 1977. R : o : _

. : . ) a i . "_".('.ﬂ
" 8. Prefton Cloud, “Mineral Resources Today and Tomorrow,” in William -

. Murdoch, ed. sEnvironment (Sunderland, Mass.: Sinauer, 1975).

9. Fred Roberts, “And N.ow.-A Resources Shortage?,”” New Scientist, Aprik
1978. ST ‘ i

)

Ry

finer, ' A Second Iron Age Ahead?,” American Scientist, May/, -

39



. s . N
. .
, : . ‘ . . .

10, David Brooks and P. W. Andrews, "MineralResources, Economic Growth,

e

and World Population,” Science, July 5, 1974,

40 11. Herbert, Lawgon, Sea-Bed S_ioWdon{\ 2 Wall_ Street Journal, ’]uby 31,
© 1978, . S //‘k o

12, Elizabeth Mann Borgesé, “A Tén-Year Struggle ifo‘r,L_a_w of the Se;,';-_ The
Center. . Magazine, . May/June 1977; Richard '%udson, " The. - International
S;t@igg"je.ffgn a Law of théf’“é’ea,’,'{Bulleﬁn of the Atomic Scientists, December

. 13, Committee .on- Miperal Technology of the National Research Couricil,
_ Technological ﬁfhhdvﬂfﬂm and Forces for Change in the Mineral Industryy;.,
-+ (Washington, ‘D.C.: National Academy of Sciences, 1978); Skinner, A Sec. I
ond Iron AgaAhead?” - ' ‘

14. National' Commission on Supplies and Shortages, Government and' the
Nation’s Resources, Washington,-B.C, December 1976, for example, notes

both that tungsten can be substituted for molybdenum in tool steel and .that

- molybdenum can be substituted for tungsten. hey are, in fact, mutually sub-
stitutable, but there are no other. satisfactory substitutes. The optimist’s case
. for materials substitution is summed up-in, _l:{.l.E;'Go'é‘l er and Alvin Weinberg,
»"The Age of Substitutability,”” Stiénce,” February.;20;:1976; the pessimist’s

. case )is argued in Charles Park; Ear'fhb.qiffpd;'.(-S‘hg{;r,qncis,éq' Freeman-Cooper,
yioey Li1978). ) R SN S ‘

ubstitutiorss,” tr-- !

15. A. G, Chynowéth, “Electronic Materials: Functigﬁa_l'._

Philip Abelson and Allen Hammond, eds., Materials: Renewableahd Nonre- -
* newable Resources (Washington, D.C.: American Association for the Advance:
ment of Science, 1976). = -

L

‘ ded, "'International Tradedin RAw Materials’ Myths. and Realities,”
February 20, 1976. ik ) - o

ch Tmgias Lo . e : Voo
17. P. O. Eckbo, OPEC and the Expgrience of the Previous Interndtional

v Commodity Cartels, Energy Laboratory Working Paper, Massachusetts Insti-

o tute. of Technology, Camgridge, Mass., August 1975; Charles Johnson,"'Car-

telg in Minerals and Métal Supply,”” Mining Congress Journal, January 1976.

5,

. T8, John"Ti.thﬁ, The Future of Nonfuel Mi\nerais (Washington, D.C.: The
Brgok’ing’s Institution, 1977), R ) ;

. oy -

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

-~19."Under. the Webb-Pomerene Act, U)5. companies are allowed to participate
* in cartels as long as American marketg/are not adversely affected.

20. Earl Hayes,-“Energy Implications of Material Processing,” in Abelson and 41

" Hammond, Materials: Renewable and Nonrehewable Resources.

21. Battelle Columbus Laboratories for the Bureau of Mines, Energy Use
Patterns in Metallurgical and Non-Metallic Mineral Processing, 1975-76 (a
series of reports) (Springfield, Va.: National Technical Information Service,
various dates).

22. This table is indicative but not precisc.. The actual numbers will vary
slightly depending on the method of accounting used to obtain the numbers
and the way energy units of different quality are treated.

23. Preston Cloud, “Mineral Raw Materials and the National Welfare,” in
U.S. Congress, Joint Economic Committee, U.S. Economic Growth from
1976-1986: Prospects, Problems, and Patterns, Volume 4, Hearings, Novem-
ber 16, 1976.

24. Erik Eckholm, Losing Ground: Environmental Stress and World Food
Prospects (New York: W. W. Norton & Cgp., 1976); Lester R. Brown, The
‘Twenty-Ninth Day: Accommodating Human Needs and Numbers to the
Earth’s Resources (New York: W. W. Norton & Co., 1978); Lars Kardell,
’Ecological Aspects of the Swedish Search for More Wood,” Ambio, Vol. 7,
No. 3, 1978.

25. U.S. Senate, Committee on Interior and Insular Affairs, Land Use and
Energy: A Study of Interrelationships, Committee Print, January 1976.

26. U.S. Department of Agriculture, Our Land and Water Resources: Currenti
and Prospective Supplies and Uses (Washington, D.C.: 1976).

27. A. H. Purcell, "Principles and Creation of Non-Waste Technology (NWT)
and Production,” Resources Policy, March 1977, Robert Lund, “Making
Products Live Longer,”” Technology Review, January 1977.

"28. Vance Packard, The Wastemakers (New York: David McKay Company,

Inc., 1960). s
29. Ibid.



O

ERIC

Aruitoxt provided by Eic:

v

42

I
l

. Jij :
30. It can be argued that the planned stylistic obsolescence of the American
automobile .produces one -of the largest real transfers of wealth from rich to

poor in the ‘United States. Well-to-do people rurchase very expensive auto- -

mobiles. After two years, the cars are stylistically obsolete, but in decent shape
otherwise. They are then sold for a small fraction of their original price to
much poorer people, for whom two-year-old status is sufficient, and who
obtain several additional years of service from the vehicles. .

31. Thomas Canby, ”Aluminum: The Magic Metal,” National Geographic,
August 1978, ’ )

32. Eileen Claussen, "'Packaging Source Reduction: Can Industry and Gov-
ernment Cooperate?,” U.S. Environmental Protection Agency, Washington,
D.C., October 9, 1974..-

33, Richard Munson, "“The Case for Materials Conservation,” Social Policy,
January/February 1978.

34.- Christopher Hill and Charles Overby, “'Improving Energy Productivity
Through Recovery and Reuse of Wastes,” dratt, in John Sawhill, ed:, Im-
roving the Ewergy Productivity of the American Economy (New York:
grentice—Hall, for the American Assembly, forthcoming). '

35. Bruce Hannon et al, "Energy Use for Building Construction,” Center
for Advanced Computation, Paper 228, University of Illinois, Urbana, Illinois,
February 1977; Richard Stein, Architecture and Energy (Garden City, N.}J.:
Anchor Press/Doubleday, 1977); Bruce Stokes, Local Responses to Global
Problems: A Key to Meeting Basic Human Needs (Washington, D.C.: World-
watch Institute, February 1978). :

36. Herman Daly, Steady-State Economics (San Francisco: W. H. Freeman
and Co., 1977); Talbot Page, Conservation and Economic Efficiency (Balti-
more: Johns Hopkins University Press, for Resources for the Future, 1977);
E. J. Mishan, The Economic Growth Debate: An Assessment (London: George

" Allen & Unwin, Ltd., 1977).

37. Robin Bidwell and Karen Raymond, “'Resource Recovery in' Europe,”
National Center for Resource Recovery Bulletin, Wifiter 1977, ; '



O

ERIC

Aruitoxt provided by Eic:

o
a3
.

'38. For a comprehénsive overview of recycling in the United States, see vari-

ous publications by Neil Seldman, of the Institute for Local Self-Reliance,,

and Marchant Wentworth, of Environmental-Action Foundation; both ana-

" lysts ‘are associated with a national network of recycling professionals who

Frefer source separatjon techniques to centralized resource recovery facilities
or a varietyof technical, economic, environmental, and political reasons.

" 39, Bidwell ‘and Raymbnd,;"’Res'ource Recovery in Europe””; an excellent

overview of Swedish recycling programs is Olov bon Heidénstam. *'Swedish
Experience in-Separation at Sourgce,” Solid Wastes, July 1977, Environmental
‘Protection Agency, Fourth Report to:Congress. - -

.40, World Environment Report, August 29,1977, Thomas Mieszkis, ““The
Early Segregation of Refuse Collected by Local Authorities—Its Building and
_Architectural Implications,” Institute of Science and Technology, University
of Wales, Cardiff, Wales, May 1977.

41. Larry Kramer, “'Bottle Maker Cuts Costs, Pollution with Qil Glass,”
Washington Post, July 2, 1978.

. 42,. David Hill, Fighting Qver Scraps: Steel Mills versiis Recyclers,” Wash-
ington Post, September 4, 1977. .

M3, Hill, “'Fighting Over Scraps’™”; antimony figure from Michael Bever, "\Re-
cycling in the Materials Systems,” Techno?(,)gy Review, February 1977; other
figures are estimates drawn from data in the 1975 Bureau of Minerals Year-
book and in the 1978 Mineral Commodity Summaries. : ¥
44. Clarence Golueke, Biological Reclamation of Solid Wastes (Emmaus, Pa.:

: Rodale Press, 1977); Jerome Goldstein, Sensible Sludge: A New Look at a
Wasted National Resource (Emmaus, Pa.: Rodale Press, 1977); Richard Kazis,
"The Great Garbage Plot,” New Internationalist, May 1978.

.

45, Bidwell and Raymond, "'Resource Recovery in Europe.””
46, Efwironmcntal Protection Agency, Fourth Report to Congress. ‘

'47. Brian Hammond, “Recycling Begins at Home,”" New Scientist, July 17,
1975.

48. Miesz:kis;, “Early S;grcg‘ation of Refu‘sc." J'

49, Environrﬁéntal Protection Agency, Fourth Report to Congress.

A
1o

3



O

ERIC

Aruitoxt provided by Eic:

44

-

d

.
[

850, S. L Blum, “Tapping Resources in Municipal Solid Waste,” Science,

February 20, 1976. )
51. Hiii:hd Overby, "' Improving Energy Productivity.” | -

52. Ah excellent two-part survey of potential environmental problenis and -
possible solutions is Allen Serper, ” Anticipation of Environmental Impacts of

E Facilities Urged,” Solid Wastes Management, February and March 1978.

83. Congressional Office of Technology Assessment, Materials and Energy

" From Waste, final draft (Washington, D.C.: June 1978); Clarence Golueke

and P. H. McGauhey, “Waste Materials,” in Jack Hollander, ed., Annual Re-
view of Energy, Volume 1 (Palo Alto, Calif.: Annual Reviews, Inc., 1976). A
good brief overview of European approaches to resource recovery is W. David
Conn, Eurdpean Developments in-the Recovery of Energy and Materials from
Municipal Solid Waste (Springfield, Va.: National Technical Information Ser-

-vice, May 1977). Still in the experimental stage are treatment processes using

hydrolysis, hydrogasification, and hrdrogenation to obtain fuel from organic
wastes; see Denis Hayes, Rays of Hope: The Transition to a Post-Petroleum

‘World (New Yark: W. W. Norton & Co., 1977). B

54. Steven Hitte, :'Anaerobic Digestion of Solid Waste and Sewage Sludge:

© into Methane,” Compost Science, January/February 1976.

85. “‘Spectrum,” Environment, June 1976.

56. OECD Waste -Managcmenl Policy Group, Recent Developrhents in the
Field of Waste Management in Member Countries and International Orga-

_ nizations (Paris: Organization for Economic Cdoperation and Development,

January 1978).

* 87. Marchant Wentworth, Resource. Recovery (Washington, D.C.: Environ-
“mental Action Foundation, 1977); John Skinner, "The Impact of Source

Separation and Waste Reduction on the Economics of Resource’ Recovery
Facilities;’ Resource Recovery and Energy Review, March/April 1977.

. 58."Page, Canservgtion and Economic Efficiency; Booz-Allen and Hamilton,

Inc., An Evaluation of the Impact of Dis¢rimiviatory Taxation on the Use of
Primary and Secpondary Raw Materials (Springfield, Va.: National Technical
Information Service, 1975); Moshman Associates, Inc., Transportation Rates
and Costs for Selected Virgin and Secondary Commodities (Springfield, Va.:
National Technical Information Service, 1974).

'
4
./‘

R, ,



O

ERIC

Aruitoxt provided by Eic:

. ment Report, May 8, 1978.

’f'/61 Bidwell and Raymond "Resource Recovery in Europe.”

J

59. Bidwell and Raymond "Resource Recovery in Europe’’; “Denmark

Tightens Legislation on Waste Collectlon and Recyclmg, World Environ-

1
L

60. Envu'onmental Protectxon ‘Agency, Fourth Report to Congress

45

- 62, A K. Miedema et al., The Case for Virgin Material Charges: A Theorehcal L

nd_fm ﬁmcal Evaluatlon in the Paper Industry (Research Tnangle Park, N.C.:
arc Triangle Institute, January 1976).

63. ?Iuepnnt for urvival,” The Ecolog‘iﬁt, January 1972; Page, Conser-
vahonvnd EconomxcE fxcxency : ]

" 64. Envnromnental Prqtectxon Agency, Source Sepamhon ‘The Community

Awareness Program in Somerﬁlle and Marblehead, Mass Chusetts AN ashing-
ton, D.C.;: 1976),
65.. Such units would probabz have some- form of compacting capability.
Trash coimpactors, ‘as currently uised, are probably a step E
_intelligent materials program: they mash alf
making recycling appreciably more difficult. However, if compactors were
used for different materials as part of a comprehensive source separation ef-
fort, they would significantly reduce the amount of space required for mate-
rials storage. Beverage cans provide one index of the effect of compacting: a
cubic yanf of uncompacted cans weighs about 300 pounds; a cubic. yard of
compacted cans weighs over six tons. Arsen Darmay and William Franklin,
The Role of Packaging in Solid Waste Management: 1966-1976 (Washington,

. D.C.: Government Printing Office, 1976).

66. The 1975 Harris i oll is C|ted in Duane Elgin and Arnold Meitchell, “Vol-
untary Sxmphcnty (Three),” CoEvolution Quarterly, Summer 1977; Louis

Harris, " The Harns Survey,” May 23, 1977. R

67. Richard Gregg, ‘Voluntary Simplicity (One),”* CoEvolution Quarterly,
Summer 1977. ) : : ,

~

.
. R . g .
R ' . R . ‘ /
A : oy .

ackward from an
sorts of diverse materials together,



‘1.
2.
3.
l‘o

3.

6.
7.

8.
9.
10.
11.
12.
13.

14.
15.

16.

~ 18.
. 19.
20.

21.
22.

23,

.

THE WORLDWATCH PAPER ®ERIES

The Other Energy Crisis: Firewood by Erdk Eckhdlm. ™
. The Politics and Responsibility. of .the North American
Breadbasket by Lester R. Brown. R < |

Women in Politics: A Global Review by Kathleen Neyland.
~Energy: The Case for Conservation by Denis Hayest. -
Twenty-two Dimensions of the Population Problem by
Lester R. Brown, Patricia L. McGrath, and Bruce Stokes.
Nuclear Power: \The Fifth Horseman by Denis Hayes.

The Unfinished As@ignment: Equal Education for Women
#by Patridia L. McGrath. ' o L . .
World Population Trends:’ Signs of Hope, Signs of Stress
by Lester R. Brown. _ ' = ) -
The Two Faces of Malnutrition by Erik Eckholm. and Frank
Record.: . . ) _
Health: The Family Planning Factor by Erik Eckholm and
Kathleen Newland. A _ L .

Energy: The Solar Prospect by Denis“Hayes. = .-
,Filling The Family Planning Gap by Bruce Stokes.
Spreading Deserts-The Hand of Man by Erik Eckholm and
Lester R, Brown. - S ’ )
Redefining National Security by Lester R. Brown. .
Energy for Development: _Third World Options by Denis
Hayes. : o .
Women and Population Growth: Choice Beyond Childbear-
ing by Kathleen Newland. N . '
Local Responses to Global Problems: A Key to Meeting
Basic Human Needs by Bruce Stokes. : '
Cutting Tobacco's Toll by Erik Eckholm.

The Solar Energy Timetable by Denis Hayes. _
The Global -Economic Prospect: New Sources of Economic
Stress by Lester R. Brown. '
Soft Technologies, Hard Choices by Colin Norman.
Disappearing Species: The Social Challenge by Erik
Eckholm.

Repairs, Reuse, Recycling-First Steps Toward a
‘Sustainable Society by Denis Hayes.

Worldwatch publications are available on a sub-
scription basis for $25.00 a year. Subscribers
receive all Worldwatch papers and books published
.during the calendar year for a single annual sub-
scription. Single coples of Worldwatch Papers,

including back copies, can be purchased for $2.00.
. Bulk copiles are availlable at the folldwing prices:

%-10 copies, $1.50 per copy; 11-50 copies, $1.25

per copy; and 51 or more cogigs; $1.00 per’cbpy. : N

R _ Y




..4"]%‘ . .
9.

DENIS HAYES is a Senior Researcher with Worldwatch Institute and
author of Rays of Hope: The Transition to a;Post-Petroleum World
(W. W. Norton, 1977). His research encompasses alternative global
energy strategies, energy conservation, nuclear proliferation, and,

most recently, policies that will create a sustainable society.

ERIC

Aruitoxt provided by Eic:



